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MRF — Breakthrough Technology QED e
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The MRF polishing tool:
- never dulls or changes . _
« is interferometrically characterlzed p—
« is easily adjusted .
-« works on complex shapes (flat sphere asphere cylinder.. =
- has high removal rates '

+ applies very Iow normal Ioad on abraswe |mprovmg surface
integrity

+ removal based on shear stress_

« These attrlbutes lead to a productlon orlented determlnlst|c
' computer controlled pollshlng and figuring technlque '

= Productlon proven: more than 80 machine worldwide
A. Shorey 9/18/2003 www.qedmrf.com Slide 3



Q22-400X MRF System QED ¢

Technologies

y 2
y

A. Shorey, 9/18/2003 www.qedmrf.com Slide 4



*
-"
.
.
.
.
.
.
o
.
.
.
.
.
.
.
.
N .
.
.
.
.
.
.
.
.
o
.
.
.
.
.
.
.
.
o
.

Various
= machine
| configurations
available

= One wheel __
conflguratlo_____,_.._,_5_,__

A. Shorey, 9/18/2003 www.qgedmrf.com Slide 5



Advantages of Using MRF to ED &
Finish Lightweight Optics S
. MRF is insensitive to srhall . '

-c.hang'es in distance between
workpiece and wheel surface.

A ||

« Contact area can be tailored to
~ fix errors such as quilting.

- High removal rate can be | ey,
-achieved by adjusting system kd ‘
~settings. e

« MREF is aIready used in productlon to pollsh aspherlc surfaces
up to 400 mm.

- Current efforts are being made to increase the part size that
can be polished with MRF with development of 750P platform
(approx. 0.5 m x 1.0 m) and machlne for 2-4 meter optics under
study -
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Uniform
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@ _
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« We can directly measure the pressure dlstrlbutlon and contact
area of the MRF “spot”

« Model a lightweight cell as a circular cell with fixed boundary
conditions

. Estimate face-sheet deflection by modeling MRF spot as a
uniform pressure applied over a circular sub-aperture contact
zone - '

- Can apply model fdr' differenf cell sizes, face-sheet thickness,
materials and MRF process conditions
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Experiment #1:
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Experiment #1: Continued
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Removal rate and roughness

_:ngh removal rate dependent on -~ I
= Materlal FS ULE Zerodur S| SIC

- Process parameters =
= Machmelwheel 5|ze
Roughness -
- MRF smoothes most materlals
== E g fused s|I|ca results

R e
lng Ris (Rq) 0.176 nm =
Ing. Ra 0.136 nu
New-Vlew 5000 :
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Experiment #2:
Cryogenic Quilting Map
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- Dr Phil Stahl |
_ J ames Hadaway
v - Ron Eng

: ~ .'QED has recelved a qulltlng pattern generated from NASAIUAH cryogenlc
SR metrology tests of 0. 5 m demonstrator mlrrors e

) demonstrate feas|b|||ty of usmg MRF to remove qu|lt|ng patterns we =

' '.;dld the foIIowmg

= —+ A 150 mm subsectlon of the metrology flle was extracted

e . '.The global error was removed from th|s subsectlon (to evaluate the ablllty to
: .remove features on the length scale of the cell slze) ' : = -

= ES -.-'Th|s metrology was used as mput to an MRF polrshlng run to prmt the mverse
s '__of the features lnto a flat glass part = _ .
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Experiment #2 - Continued
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Profile Comparison atr=5cm
— Quilt Pattern
—— Material Removed

Distance (mm)

Profile Comparison at
5 cm radius

- “Material Removed” is an inverted map of the pattern prlnted |nto the
surface — after a single polishing iteration

- MRF was able to reproduce the pattern taken from the quntlng map

. Agreement of surface profiles, each taken at a radius of 5 cm, further
—demonstrates the validity of the approach -

If MRF can “print in” such features, it is very likely it can remove them
- The next step would be to co_rrect- _errors on a real lightweight mirror
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Conclusions/Next Steps QED ®
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« MRF deterministic polishing process
* High material removal rate and convergence rate
« Can improve roughness on most materials
* Process scalable to larger size optics
« 200, 400mm standard sizes
- 500-1,000mm being built
« 2-4 meters 'currently under investigation
- For light-weighted optics:

* Unique MRF attributes and initial results indicate ability to
polish lightweight mirrors without inducing quilting and/or
fix existing errors such as quilting patterns

- Continue to investigate material compatibility and validate
polishing process
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